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(54) POROUS POLYPROPYLENE FILM, PROCESS FOR PRODUCING THE SAME, AND 
ABSORBENT ARTICLE EMPLOYING THE FILM 


(57) Disclosed is a porous film made of a resin com- 
position containing (I) (i) a propylene-ethylene copoly- 
mer or (li) a polypropylene-based resin mixture contain- 
ing a propylene-ethylene copolymer, each having an 
ethylene content of 3,0 to 7.0 wt.% and an MFR meas- 
ured at 230*0 of 2.0 to 4.0 g/10 min and (II) a p-crystal 
nucleating agent; the film having a porosity of 20 to 80%, 
a Gurley air permeability of 5,000 sec/100 cc or lower 


as measured according to JIS P-8117, a water vapor 
permeability of 2,000 g/m2.24h or higher as measured 
according to JIS Z-0208 and a water pressure resist- 
ance of 75 kPa or higher as measured according to JIS 
L-1 092 using an aqueous surfactant solution; a process 
for producing the same; and an absorbent article em- 
ploying the porous film as a backsheet. 
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Description 
TECHNICAL FIELD 

5 [0001] This invention relates to a porous polypropylene film having numerous fine, continuous through-pores, espe- 
cially a porous polypropylene film with excellent breathability and continuous through-pores, which is suitable for use 
as a backsheet for absorbent articles; and to a process for producing the film; and to an absorbent article employing 
the porous film as a backsheet. 

10 BACKGROUND ART 

[0002] Commonly and widely used disposable diapers comprise an absorbing material that absort)s excreta such 
as urine and the like, a topside material that covers one surface of the absorbing material and touches the wearer's 
skin, and a backside material that covers the absorbing material and prevents leakage of fluid excreta. The diaper is 
IS fomried by bonding these materials. Such a disposable diaper has an elastic means provided to prevent excreta from 
leaking out beyond the waist or leg region and a closure means, such as a closure tape, which Is used to fasten the 
diaper on the front and rear waist regions when wearing the diaper. 

[0003] As such a backside material, a polyolefin-based porous film having breathability and water vapor permeability 
is known. However, when the diaper is put on incorrectly or when the closure tape is peeled off to check for urination 
20 while the diaper is being wom, backside materials fonned using porous film with insufficient strength have a problem 
of breakage, making it necessary to change the diaper for a new one. In the field of diapers for adults, the problem of 
insufficient leakage prevention exists in addition to the insufficient strength of the diapers, and the strength and leakage 
prevention properties of the diapers have actually been increased at the cost of breathability and water vapor penne- 
ability. 

25 [0004] Thus, as a means for obviating the aforementioned drawbacks, a porous film having excellent breathability 
and water vapor penneabilfty as well as improved strength and leakage prevention is strongly desired. 
[0005] Polypropylene occurs in crystal states such as a crystals and p crystals. Under general crystallization condi- 
tions, a crystals, whrch are the most stable, are mainly produced, but p crystals can be produced preferentially by 
employing specific crystallization conditions or adding a p-crystal nucleating agent. Also, p crystals are known to un- 

30 dergo a crystal transformation Into stable a crystals when subjected to thermal and mechanical action, and recently 
several methods have been proposed for producing a porous film, especially a breathable polypropylene film having 
continuous through-pores, which utilize the crystal transfonnation that occurs in the course of stretching (Japanese 
Unexamined Patent Publications Nos. 11 8429/1 995, 1 76352/1 997, 255804/1 997 and 1 00720/1 994). 
[0006] The process for fonning continuous through-pores is not yet fully clarified. However, various processes have 

35 been hypothesized as follows. Fonnatlon of as many p crystals as possible in an unstretched web sheet before stretch- 
ing and subsequent stretching of the sheet causes a crystal transfonnation from p crystals into a crystals. In the course 
of the stretching, the transfonnation from p crystals with low crystal density to a crystals with high crystal density causes 
volume shrinkage and leads to exfoliation at the crystal surface, whereby pores are fomned in the Initial stage of stretch- 
ing. Another possibility is that pores are fomned by exfoliation at the crystal surface resulting from the difference in 

^ stretchability between a crystals and p crystals before the transformation into a crystals. Moreover, another possibility 
suggested is that crystal fineness, orientation and re-arrangement may participate in the pore f omnation. It is considered 
that, as the stretching process progresses thereafter, the size of the pores becomes gradually larger and adjacent 
pores are connected to each other, resulting in the formation of continuous through-pores. 

[0007] Each publication mentioned above suggests the necessity of fomiing as many p crystals as possible in an 
^ unstretched web sheet before stretching it as a condition for obtaining a breathable film. As an index of the p-crystal 
content or proportion of p-crystals in the unstretched web sheet, a K value detemriined by X-ray diffraction measurement 
is employed. That is; the higher the K value is, the easier it is to obtain a film with good breathability. Thus, for example, 
Japanese Unexamined Patent Publication No. 255804/1 997 recommends that the K value be not less than 0.7, and 
preferably 0.8 to 0.98. However, it is known that by incorporating a certain p-crystal nucleating agent, the recommended 
30 K values can be achieved relatively easily without employing special crystallization conditions, and moreover, as will 
be described below, even a high K value does not necessarily result In a production of a film with excellent breathability. 
[0008] For example, Japanese Unexamined Patent Publication No. 1 76352/1 997 discloses that a single use of a p- 
crystal nucleating agent cannot produce a film with sufficient breathability in spite of a high K value, and proposes a 
method for removing the drawbacks, which comprises adding and mixing particles of other resins than polypropylene. 
55 However, it is diffteult to uniformly disperse these resin particles in the polypropylene resin, and the uneven dispersion 
tends to cause the films to break in the stretching step, and the films produced by the method are not preferable from 
the standpoint of recycling. 
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DISCLOSURE OF THE INVENTION 

[0009] An object of the present invention is to provide a porous potypropylene fiim, specifically, a porous polypropyl- 
ene film with excelient breathabllity and continuous through-pores that Is suitable for use as a backsheet for absorbent 

5 articles; and a process for producing the film; and an absorbent article with a backsheet made of the porous film with 
excelient breathabillty, water vapor penneabitity and good texture as well as excellent strength and leakage prevention. 
[0010] The present inventors conducted extensive researches in light of the above problems and, as a result, dis- 
covered that a high content of thermally stable ^-orystals In an unstretched web sheet before stretching is important 
to produce an excellent porous film. 

10 [001 1 ] Kimura et al. discloses that ^ crystals include thermally stable p crystals (p1 crystals) and metastable p crystals 
(p2 crystals), and that p2 crystals tend to undergo transformation into a crystals at a lower temperature than pi crystals 
and their contribution to pore fonnation is smaller (POLYMER Vol. 35 No. 16 1994). The K value Is a ratio of the 
combined amount of pi crystals and p2 crystals to the total amount of all polypropylene crystals, and therefore a high 
p2-crystal content does not result in a film with excellent breathabillty even if the K value is high. Also, since the ratio 

IS of pi -crystal content to p2-crystal content varies depending on crystallization conditions and not depending on the K 
value, the p1 -crystal content cannot be determined from the K value. 

[001 2] The present inventors earned out research for the purpose of obtaining a porous film having excellent physical 
properties by increasing the pi -crystal content. As a result, the inventors found that a p-crystal nucleating agent-con- 
taining, polypropylene-based resin composition having a specific melt flow rate and ethylene content, wherein the 

20 proportion of the pi crystals relative to the total amount of ail crystals and the pi -crystal heat of fusion per unit weight 
of the resin composition are within a specified range, can be advantageously used for producing a porous polypropyl- 
ene-based resin film, and that the thus obtained porous polypropylene film comprising a polypropylene-based resin 
and a p-crystal nucleating agent has more excellent mechanical strength than porous films of known polyethylene- 
based resins and moreover has many through-pores with a finer pore diameter, as compared with porous films prepared 

2s by stretching filler-containing compositions, thereby achieving the desired objects of improving mechanrcal strength 
and leakage prevention while exhibiting outstanding breathabllity and water vapor permeability. The present invention 
was completed based on these findings and further research. 
[0013] Specifically, the present Invention provides the following inventions. 

30 1 . A porous polypropylene film with excellent breathabllity and continuous through-pores, the film being prepared 

from a polypropylene-based resin composition comprising 

(I) (i) a propylene-ethylene copolymer having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, 
JIS K-6857) of 2.0 to 4.0 g/1 0 min as measured at 230**C, or (11) a polypropylene-based resin mixture containing 

35 a propylene-ethylene copolymer, the mixture having an ethylene content of 3.0 to 7.0 wt.% and a melt flow 

rate (MFR, JIS K-6857) measured at 230''C of 2.0 to 4.0 g/10 min and 

(II) a p-crystai nucleating agent; and the film having a porosity of 20 to 80%, a Guriey air permeability measured 
according to JIS P-81 1 7 of 5,000 sec/1 00 cc or lower, a water vapor permeability of 2,000 g/m^*24h or higher 
as measured according to JIS Z-0208 and a water pressure resistance of 75 kPa or higher as measured 

^0 according to JIS L-1 092 except that an aqueous surfactant solution is used instead of pure water. 

2. The porous polypropylene film according to Item 1 above; which has a thickness of 5 to 50 \ssr\ and a mechank:al 
strength of 40 MPa or higher as measured according to JIS K-7127. 

3. The porous polypropylene film according to Item 1 above, which is prepared by stretching an unstretched web 
45 sheet wherein the pi -crystal content, i.e., the proportion of thermally stable p crystals (pi crystals) relative to the 

total amount of alt crystals is 65% or higher, and the pi -crystal heat of fusion per unit weight of the unstretched 
web sheet is 50 J/g or higher, as detennined by differential scanning caiorimetry (DSC). 

4. The porous polypropylene film according to Item 1 above, wherein at least one component of the polypropytene- 
based resin mixture containing a propylene-ethylene copolymer is a polypropylene resin having a weight average 

50 molecular weight (Mw) of 1 0^ to 1 0^ as detennined by gel pemneation chromatography (GPC) and a melt flow rate 

(MFR, JIS K-6857) measured at 230'*C of 0.5 to 10.0 g/10 min. 

5. The porous polypropylene film according to Item 1 above, wherein the polypropylene-based resin mixture con- 
taining a propylene-ethylene copolymer is composed of a mixture of at least two members of polypropylene-based 
resins selected from.the following resins (A), (B) and (C): 

55 

(A) a polypropylene-based resin having an MFR of 0.1 to 2.0 g/10 min; 

(B) a polypropylene-based resin having an MFR of more than 2.0 g/1 0 min and less than 4.0 g/1 0 min; 

(C) a polypropylene-based resin having an MFR of 4.0 to 1 0.0 g/1 0 min; the mixture having an ethylene content 
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of 3,0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230^*0 of 2.0 to 4.0 g/10 min; and at 
least one component of the mixture being a propylene-ethylene copolymer. 


6. The porous polypropylene film according to Item 5 above, wherein the polypropylene-based resin mixture com* 
5 prises 1 0 to 35 wt.% of resin (A), 0 to 50 wt.% of resin (B) and 25 to 80 wt.% of resin (C). 

7..The porous polypropylene film according to Item 1 above, wherein the ^-crystal nucleating agent Is an amide 
compound represented by formula (1) 

10 R^-NHCO-R^-CONH-R^ (1) 

wherein R^ is a C<|.24 saturated or unsaturated aliphatic dicarboxylic acid residuOi a 0^2B saturated or unsaturated 
alioyollc dicarboxylic acid residue, or a Ce.28 aromatic dicarboxylic acid residue, R^ and are the same or different 
and each represents a 03.^8 cydoalkyl group, or a group of fomfiula (a), fonnula (b), formula (c) or fomnula (d) 


15 


20 


25 


H-R* (b) 


30 


35 



wherein R^ is a hydrogen atom, a straight-chain or branched-chain alkyi group, a Cq.^q cycloalkyl group, or 
phenyl group, R^ is a C^..,2 straight-chain or branched-chain alkyI group, and R^ and R^ are the same or different 
and each represents a straight-chain or branched-chain alkylene group. 

8. A process for producing the porous poiypropylene film with excellent breathablllty and continuous through-pores 
according to Item 1 above, the process being 

characterized In that it comprises stretching an unstretched web sheet made of a polypropylene-based resin com- 
position comprising 

(I) (i) a propylene-ethylene copolymer having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, 
JIS K-6857) measured at 230''C of 2.0 to 4.0 g/10 min or (il) a polypropylene-based resin mixture containing 
a propylene-ethylene copolymer and having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, 
JIS K-6857) measured at 230''C of 2.0 to 4.0 g/10 min and 

(II) a p-crystal nucleating agent; 

the unstretched web sheet having a thermally stable p-orystal (p1 -crystal) content of 65% or higher and a 
pi -crystal heat of fusion per unit weight of the unstretched web sheet of 50 J/g or higher, as detemnined by 
differential scanning calorimetry (DSC). 


40 


45 


9. The process for producing the porous polypropylene film according to Item B above, wherein the unstretched 
web sheet is made of a polypropylene-based resin composition comprising (I) a polypropylene-based resin mixture 
containing a propylene-ethylene copolymer and having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate 
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(MFR, JIS K-6857) measured at 230°C of 2.0 to 4.0 g/10 min, and (II) a p^rystal nucleating agent; and at least 
one component of the polypropylene-based resin mixture Is a polypropylene-based resin having a weight average 
molecular weight (Mw) of 10^ to 10^ as detenmined by gel pemneation chromatography (GPC) and a melt flow rate 
(MFR, JIS K-6857) measured at aSC'C of 0.5 to 10.0 g/10 min. 
5 1 0. The process for producing the porous polypropylene film according to Item 8 above, wherein the unstretched 

web sheet is formed by cooling and solidifying in the fomn of a sheet, under the following crystallization conditions, 
a molten sheet of the polypropylene-based resin composition extruded from a T-die: 

,P 1 1 0'C < ciystallization temperature (Tcr. 'C) ^ 130*^0 

Shortest crystallization holding time (tmin (sec)) ^ crystallization holding time (tcr. sec) < 60 seconds 
wherein tmin (sec) is calculated by the following equations: 

15 

In the case of Tcr < 120**C, tmln(sec)=0.1(120-Tcr)^ + 10 

In the case of Tcr a 120«C, tmin(sec)=0.3(120-Tcr)^. + 10. 

1 1 . The process for producing the porous polypropylene film according to Item 1 0 above, wherein the crystallization 
holding time condition is satisfied by crystallizing the molten sheet of the polypropylene-based resin composition 
extruded from a T-die, using a multistage chill roll having a plurality of chill-rolls or using one chtll-roll in combination 
with other heat source. 

25 1 2. The process for producing the porous polypropylene film according to Item 8 above, wherein the stretching is 

a successive biaxial stretching. 

13. The process for producing the porous polypropylene film according to Item 12 above, 

characterized in that the successive biaxial stretching Is can-ied out by conducting machine direction stretching at 
a ratio of 4 to 5 times at a stretching temperature of 70 to QO'C and then transverse direction stretching at a ratio 
30 of 6 to 1 0 times at a stretching temperature of 135 to ISS'C and at a stretching rate of 10 to 300%/sec. 

14. A backsheet for absorbent articles, 

characterized In that it comprises the porous polypropylene film with excellent breathability and continuous through- 
pores according to any one of Items 1 through 7 above. 

1 5. An absorbent article comprising a liquld-pemieable topside material, a fluid-Impervious bacl<side material and 
35 an absoriDing material interposed between the topside material and the baclcside material, wherein the backsheet 

comprising the porous polypropylene film according to Item 14 above is employed as the backside material. 

16. The absorbent article according to Item 15 above, which is a hygienic artcle such as a disposable diaper, 
pants-shaped diaper, sanitary napkin, incontinence pad and the like. 

40 [001 4] In this specification, the temi "pi -crystal content" means the proportion of themially stable P crystals (that is, 
pi crystals) relative to the total amount of all crystals (that Is, the sum of the amount of a crystals, pi crystals and P2 
crystals), as detennined by differential scanning calorimetry (DSC). Also, the tenn "pi -crystal heat of fusion" denotes 
the pi -crystal heat of fusion per unit weight of an unstretched web sheet (that is, whole resin composition = crystal 
portion + non-crystal portion). 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

50 Fig. 1 is a cross-section diagram illustrating an absorbent article of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Polypropylene-based resin 

55 

[0016] The polypropylene-based resin used for producing a porous polypropylene film of the present invention is (I) 
a propylene-ethylene copolymer, or preferably (ii) a polypropylene-based resin mixture containing a propylene-ethylene 
block copolymer, and when using either (1 ) or (ii), the polypropylene-based resin is characterized by having an ethylene 
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content of 3.0 to 7.0 wt.%, and preferably 4.0 to 5.0 wL%, and an MFR of 2.0 to 4.0 g/1 0 min. 
[0017] Specifically, In the present invention, (i) a propylene-ethylene copolymer having an ethylene content of 3.0 to 
7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230X of 2.0 to 4.0 g/1 0 min Is used alone, or (11) a 
polypropylene-based resin mixture containing a propylene-ethylene copolymer and having an ethylene content of 3.0 
s to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230**C of 2.0 to 4.0 g/1 0 min is used. 

[0018] Hereinafter, the temi "MFR" denotes a melt flow rate (JIS K-6857) measured at 230»C unless specifically 
stated otherwise. 

[0019] When the above-mentioned propylene-ethylene copolymer under item (I) above is used alone, the copolymer 
can be a random copolymer or a block copolymer, but preferably is a block copolymer. 

10 [0020] When the above-mentioned polypropylene-based resin mixture under item (11) above is used, it is sufficient 
that at least one component of the mixture is a propylene-ethylene copolymer Thus, the mixture may be a mixture of 
two or more kinds of propylene-ethylene copolymers, or a mixture of at least one propylene-ethylene copolymer and 
other propylene-based resln(s). Again, the propylene-ethylene copolymer may be a random copolymer or a block 
copolymer, but preferably Is a block copolymer. 

IS [0021] There are no particular restrictions on the MFR, the ethylene content, or the content of each resin which is a 
component of the polypropylene-based resin mixture under Item (ii) for use in the present invention, and they may be 
any values insofar as the polypropylene-based resin mixture has an ethylene content of 3.0 to 7.0 wt.% and an MFR 
of 2.0 to 4.0 g/1 0 min. 

[0022] Generally, however, the propylene-ethylene copolymer used as one of the components of the above-men- 
20 tloned polypropylene-based resin mixture under item (Ii) above preferably contains about 70 to 99 wt.%, particularly 
80 to 98 wt.%, of propylene and about 1 to 30 wt.%, particularly 2 to 20 wL%, of ethylene. 

[0023] Examples of the above-mentioned other propylene-based resin(s) are polymers mainly comprising propylene, 
speciflcaily propylene homopolymers, copolymers of a) propylene and b) at least one comonomer selected from the 
group consisting of ethylene and 1-alkenes (Including random copolymers and block copolymers) and the like 
25 (but excluding propylene-ethylene copolymers). Such copolymers preferably contain about 70 to 99 wt.%, particularly 
80 to 98 wt.%, of propylene. The above-mentioned 1 -alkenes include 1 -butene, 1 -pentene, 1 -hexene, 1 -peptene, 1 -oc- 
tene and the like. Moreover, the above-mentioned other propylene-based resin may contain a small amount of poly- 
ethylene or ethylene-propylene rubber. 

[0024] In this specification, the above-mentioned propylene-ethylene copolymers and said other propylene-based 
30 resins are sometimes collectively referred to as "polypropylene-based resin". 

[0025] When the MFR of the propylene-ethylene copolymer used alone or the MFR of the polypropylene-based resin 
mixture exceeds 4.0 g/10 min, the resulting film shows a strong tendency to break during stretching. When the MFR 
thereof Is less than 2.0 g/1 0 min, the resulting film will have very low air penneabillty 

[0026] When the ethylene content of the propylene-ethylene copolymer used alone or the ethylene content of the 
35 polypropylene-based resin mixture exceeds 7.0 wt.%. the resulting film shows a tendency to break during stretching. 
When the ethylene content thereof is less than 3.0 wt.%, uneven stretching is likely to occur In the stretching step, and 
moreover, the resulting film tends to have very low breathability. 

[0027] Herein, the term "ethylene content" means the amount of ethylene in a propylene-ethylene copolymer when 
the above-mentioned propylene-ethylene copolymer under item (i) is used alone, or the total amount of ethylene (the 

40 total amount of ethylene-derived structural portions) contained in the above-menitoned polypropylene-based resin (for 
example, propylene-ethylene block copolymers, propylene-ethylene random copolymers, the above-mentioned other 
propylene-based resins, or polyethylene or ethylene-propylene rubber which may be contained therein In a small 
amount and so forth) when the above-mentioned propylene-based resin mixture containing a propylene-ethylene co- 
polymer under item (ii) is used. 

45 [0028] The above-mentioned ethylene content can generally be measured by the infrared spectrum method (J. Pol- 
ym.Sci.. 7,203(1964)). 

[0029] When the polypropylene-based resin mixture under item (ii) above is used, it is recommended that at least 
one component, particularly ail components, preferably be polypropylene-based resins having a weight average mo- 
lecular weight (Mw) of 10^ to 10® as determined by gel permeation chromatography (GPC) and an MFR of 0.5 to 10.0 
so g/10 min. 

[0030] Furthermore, it is recommended that the above-mentioned polypropylene-based resin mixture under item (11) 
be a resin mixture of at least two members of polypropylene-based resins selected from the following resins (A), (B) 
and(C): 

ss (A) a polypropylene-based resin having an MFR of not less than 0.1 g/1 0 min and not more than 2.0 g/1 0 min, and 

preferably 0.5 to 1 .0 g/10 min; 

(B) a polypropylene-based resin having an MFR of more than 2.0 g/10 min and less than 4.0 g/10 min; and 

(C) a polypropylene-based resin having an MFR of 4.0 to 10.0 g/1 0 min. and preferably 5.0 to 8.0 g/1 0 min. 
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[0031] The above-mentioned resins (A), (B) and (C) are polymers which mainly comprise propylene, and specifically 
Include propylene homopolymers, copolymers of a) propylene and b) at least one comonomer selected from the group 
consisting of ethylene and 04.9 1-alkenes (including random copolymers and block copolymers), and the like. The 
copolymers include those mainly comprising propylene, preferably those containing 70 to 99 wt.%, and more preferably 
5 80 to 98 wt.%, of propylene. The above-mentioned 1 -alkenes Include 1 -butene. 1 -pentene, 1 -hexene, 1 -peptone, 1 -oc- 
tene and the like. 

[0032] Although the details are not clarified, among resins (A), (B) and (C) constituting the above-mentioned resin 
mixture, resin (A) mainly acts to effectively reduce the breakage of films mainly during stretching. Resin (C) seems to 
mainly promote the fomiation of continuous through -pores. Also, the physical properties of resin (B) are positioned 
10 between those of resins (A) and (C). and resin (B) is preferably used for adjusting the balance of the whole mixture. 
[0033] In the present invention, it is particularly preferable to use all three of the resins, i.e., resins (A), (B) and (C), 
or two of the resins, i.e., resins (A) and (C). 

[0034] The proportions of resins (A), (B) and (C) are not specifically restricted insofar as resins (A), (B) and (C) can 
respectively exhibit the effect of resin (A) of reducing the breakage of films, the effect of resin (C) of promoting the 

15 formation of continuous through-pores, and the effect of resin (B) of adjusting the balance of the whole mixture, but 
preferably it is recommended to select the proportions from the following range: (A) 10 to 35 wt.%, (B) 0 to 50 wt.%, 
and (C) 25 to 80 wt.%, percentages of (A).(B) and (C) adding up to 100%. IVIoreover, it Is more preferable that when 
the amount of (B) is in the range of 0 to 1 0 wt.%, the amount of (A) is In the range of 20 to 35 wt.% and the amount of 
(C) is in the range of 65 to 80 wt.%. and that when the amount of (B) Is in the range of 10 to 50 wt.%, the amount of 

20 (A) is in the range of 10 to 25 wt.% and the amount of resin (C) is in the range of 25 to 75 wt.%. Resins (A). (B) and 
(C) each need not consist of only one resin, and at least one of resins (A), (B) and (C) may be a mixture of two or more 
components. 

[0035] In any of the above-mentioned cases, resins (A), (B) and (C) are selected to satisfy the following three re- 
quirements: 1) at least one component is a propylene-ethylene copolymer; 2) the ethylene content of a mixture of at 
25 least two members selected from resins (A), (B) and (C) is 3.0 to 7.0 wt.%, preferably 4.0 to 5.0 wt.%; and 3) the MFR 
of the mixture of at least two members selected from resins (A), (B) and (C) is 2.0 to 4.0 g/10 min. 
[0036] The above-mentioned resins (A), (B) and (C) each are preferably a propylene-ethylene copolymer or propyl- 
ene homopolymer having a weight average molecular weight (Mw) of 1 0^ to 1 0^. 

[0037] There are no particular restrictions on a method for mixing two or more kinds of resins, especially a method 

30 for mixing at least two members selected from the above-mentioned resins (A), (B) and (C), insofar as each resin can 
exhibit the aforementioned effect. Examples of such methods Include a method in which the mixture Is prepared during 
propylene polymerization, a method In whteh resins that have each been separately polymerized are mixed, and so 
forth. However, from an industrial viewpoint, as compared with the polymerization method that gives a multistage 
molecular weight distributions, simpler and preferable Is the method in which the resins, especially resins (A), (B) and 

35 (C), each separately prepared by polymerization, are mixed optionally with the addition of a ^-nucleating agent. The 
method for mixing at least two members of resins which have each been separately prepared by polymerization op- 
tionally with the addition of a p-nucleating agent can include any conventional method used for unifonnly mixing two 
kinds of resins. For example, such mixing process can be carried out by dry-blending the resins in a known mixing 
apparatus, such as a Henschei mixer, a ribbon blender, a Banbury mixer or the like, and then melt-kneading the resulting 

40 blend in a single or double screw extruder. 

[0038] The polymerization method for the polypropylene-based resin for use in the present invention includes not 
only a method which employs a generally used Ziegler-Natta type catalyst system, but also any method which employs 
a catalyst system comprising an aikylalumlnum compound (triethylaluminum, diethylaluminum chloride or the like) in 
combination with a catalyst prepared by supporting a transition metal compound (for example, a titanium halide, such 

45 as titanium trichloride, titanium tetrachloride or the like) on a support mainly composed of magnesium halide, such as 
magnesium chloride or the like, or a metaltocene catalyst system, etc. The stereospeciftdty of the resulting polymer 
can be either isotactic or syndiotactlc. 

&-crystal nucleating agent 

50 

[0039] The p-crystal nucleating agent for use In the present invention is not particularly restricted, and Includes a 
wide variety of conventionally used p-crystal nucleating agents. Examples of p-crystal nucleating agents generally 
include alkali metal or alkaline earth metal salts of carboxyllc acid, such as potassium 1 ,2-hydroxystearate, magnesium 
benzoate, magnesium succinate, magnesium phthaiate, etc.; aromatic sulfonic acid compounds, such as sodium ben- 
55 zenesulfonate, sodium naphthalenesulfonate, etc.; diesters and triesters of dibasic ortribasic carboxyllc acids; tetraox- 
aspiro compounds; imido-carboxylic acid derivatives; pigments, such as phthalocyanine blue or other phthalocyanine- 
based pigments, and quinacridon, quinacridonquinone and other quinacridon-based pigments; binary system com- 
posed of component A, which is an organic dibasto acid, and component B, which is an oxide, a hydroxide or a salt of 
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a metal of the group ilA in the periodic table; amide compounds represented by the following fomiutas (1) to (3) and 
the like. Among the above examples, amide compounds of the formula (1) are preferable, since they have no problem 
of coloration and so forth, and are most suitable in forming pi -crystals, which are themially stable p-crystals. 

R^-NHCO-R^-CONH-R^ (1) 

wherein R^ is a 0^24 saturated or unsaturated aliphatic dicarboxylic acid residue, a €4^26 saturated or unsaturated 
alicyclic dicarboxylic acid residue, or a Cg.28 aromatic dicarboxylic acid residue, R^ and R^ are the same or different 
and each represents a cycloalkyi group or a group of formula (a), formula (b), fomiula (c) or fonnula (d) 


15 



(a) 


25 


30 


(c) 


wherein R^ is a hydrogen atom, a straight-chain or branched-chain alkyi group, a Cg.^ocycloallcyl group, or phenyl 
group, R5 is a C^.-jg straight-chain or branched-chain alkyI group, and R^ and R^ are the same or different and each 
^ represents a C^^ straight-chain or branched-chain alkylene group. 

R®-CONH-R®-NHCO-R^° (2) 

wherein R^ is a saturated or unsaturated aliphatic diamine residue, a C4.28 alicyclic diamine residue, a 0^^2 
heterocyclic diamine residue or a C6.28 aromatte diamine residue. R^ and R^° are the same or different and each 
represents a C3.12 cycloalkyi group or a group of fomiula (e), fomnula (f), fonnula (g) or fomnula (h) 


40 


45 


50 


(e) 
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5 



10 


25 


30 


35 


45 


SO 


55 



(h) 


Wherein R"*^ is a hydrogen atom, a C^.^g straight-chain or branched-chain alkyi group, a C6.10 cyc!oaII<yl group, or 
phenyl group, |s a C^,^2 straight-chain or branched-chain all<yi group, a Cq.-^q cycloalI<yl group, or phenyl group, 
^5 and R''3 and R^'^ are the same or different and each represents a C^^ straight-chain or branched-chain ali<ylene group. 

R^^-CONH-R^^-CONH-R^^ (3) 

wherein H^^ is a C^.gs saturated or unsaturated aliphatic amino acid residue, a 05.^2 saturated or unsaturated alicyciic 
amino acid residue or a aromatic amino acid residue, has the same meaning as R^ or R^ in formula (1 ), and 
R''7 has the same meaning as R^ or R^o jp formula (2). 

[0040] In the above-mentioned fonnuta (1), the terni "dicarboxylic acid residue" denotes a residue (divalent group) 
obtained by removing two carboxyl groups from a dicarboxylic acid. Also, In the above-mentioned fomnula (2), the temn 
"diamine residue" means a residue (divalent group) obtained by removing two amino groups from a diamine. In the 
above-mentioned formula (3), "amino acid residue" denotes a residue (divalent group) obtained by removing one car- 
boxyl group and one amino group from an amino acid. 

[0041] The amide compounds of the above-mentioned fomnulas (1), (2) and (3) are generally Icnown compounds, 
and can be easily produced by known methods. 

[0042] The amide compounds of fomriula (1 ) can be easily prepared by subjecting an aliphatic, alicyciic or aromatk: 
dicarboxylic acid represented by fomnula (la) 


HOOC-R^®-COOH (1a) 

wherein R^^ has the same meaning as R1 above, and one or two kinds of alicyciic or aromatic monoamines represented 
by fomnula (lb) 

40 R^^-NHg (1b) 

wherein R""® has the same meaning as R^ or R^ above to amidation according to conventional methods. 
[0043] Thus, "dicarboxylic acid residue" represented by R"" in fomnula (1 ) refers to a residue (divalent group) obtained 
by removing two carboxyl groups from the following aliphatic, alicyciic or aromatic dicarboxylic acid. Also, R2 and R3 
in fomnula (1) each represent a residue obtained by removing an amino group from the alicyciic or aromatic amine 
mentioned later. 

[0044] Examples of aliphatic dicarboxylic acids include C3. 23, preferably 03.^4, saturated or unsaturated aliphatic 
dicarboxylic acids. Specific examples Include malonic acid, diphenyl malonic acid, succinic acid, phenylsuccinic acid, 
diphenylsuccinic acid, glutaric acid, 3,3-dlmethy!glutaric acid, adipic acid, pimelic acid, subenc acid, azelaic acid, se- 
bacic acid, 1 ,12-dodecanedioic acid, 1,14-tetradecanedioic acid and 1 ,18-octadecanediok: acid. 
[0045] Examples of alicyciic dicarboxylic acids include Cg. 30, preferably alicyciic dtearboxylte acids. 
Specific examples include 1 ,2-cyclohexanedlcarboxylic acid, 1 ,4-cyclohexanedicarboxylic acid and 1 ,4-oyoiohexane- 
di acetic acid. 

[0046] Examples of aromatic dicarboxylic acids include Cg-ao, preferably C^22» aromatic dtearboxylic acids, and spe- 
cifically include p-phenylenediacetic acid, p-phenylenediethanolc acid, phthalic acid, 4-tert-butylphthalic acid, isoph- 
thalic acid, 5-tert-butyi-isophthaiic acid, terephthallc acid, 1 ,8-naphthalic acid, 1 ,4-naphthalenedicarboxylic acid, 
2,6-naphthalenedicarboxyiic acid, 2,7-naphthalenedicart>oxylic acid, diphenic acid. 3,3'-biphenytdlcarboxylic acid, 4,4*- 
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biphenyldioarboxylic acid, 4,4'-binaphthyldicarboxyIic acid, bis(3-carboxyphenyl)methane, bis(4-carboxyphenyl)meth- 
ane, 2,2-bis(3-carboxyphenyl)propane, 2,2-bis{4-carboxyphenyl)propane, 3,3'-sulfonyldibenzoic acid, 4,4*-sutfonyld- 
ibenzoic acid. 3,3'-oxydibenzoic acid, 4,4''Oxydibenzoic acid, 3,3'-carbonyldibenzoicacid. 4,4'-carbonyldibenzoic acid, 
3,3'-thiodibenzoic acid. 4,4'*thiodibenzoic acid, 4,4'-(p-phenylenedioxy)dibenzoic acid, 4,4'-isophthaloyldibenzoic acid, 
4,4'-terephthaloyldibenzoic acid, dithiosalicyllc acid, and other such aromatic dicarboxylic acids. 
[0047] Examples of alicyclic monoamines include Cy,^^ cycioalkylamines and compounds represented by fomnula (4) 


wherein R^^ has the same meaning as above. 

[0048] Specific examples include cyclopropylamine, cyclobutylamine, cyolopentylamine, cyclohexylamine, 2-meth- 
ylcyclohexyiamine, 3-methyIcycIohexylamine, 4-methylcyclohexylamine, 2-ethylcyciohexylamine, 4-ethylcyclohexy- 
lamine, 2-propylcyclohexylamine, 2-isopropylcyclohexylamine, 4-propylcycIohexylamine, 4-isopropylcyclohexylamine, 
2-tert-butylcyclohexylamine, 4-n-butylcyclohexylamine, 4-isobutylcyclohexylamine, 4-sec-butylcyclohexylamine, 
4-tert-butylcyclohexylamine, 4-n-amyIcyclohexylamine, 4-isoamylcyclohexyl.amine, 4-sec-amylcyclohexylamine, 
4-tert-amylcyclohexylamine, 4-hexylcyclohexylamlne, 4-heptylcyclohexylamine, 4-octylcyciohexylamine, 4-nonylcy- 
clohexylamine, 4-decylcyclohexylamlne, 4-undecylcyclohexylamine, 4-dodecy!cyclohexylamlne, 4-cycIohexylcy- 
clohexylamine, 4-phenylcyctohexylamine, cycloheptylamine, cyciododecylamine, cyciohexylmethytamine, a-cyclohex- 
yiethylamine, p-cyclohexylethylamine, a-cyclohexylpropylamine, p-cyclohexylpropylamine and y^cIo^^^'P^'O' 
pylamine. 

[0049] Examples of aromatic monoamines include compounds represented by formula (6) 


wherein R23 has the same meaning as R® above. 

[0050] Specific examples include aniline, o-toluidine, m-toluidine, p-toluidine, o-ethylaniline. p-ethylaniline, o-propy- 
lanillne, m-propyianiline. p-propylaniline, o-cumidine, m-cumidine, p-cumldine, o-tert-butylanillne, p-n-butylanlllne, p- 
isobutylaniline. p-sec-butylanlline, p-tert-butylaniline, p-n-amylaniline, p-isoamylaniiine, p-sec-amylaniline, p-tert-amy- 
laniline, p-hexylanlllne, p-heptylaniline, p-octylaniline, p-nonyianiline, p-decylaniline. p-undecylaniline, p-dodecy- 
laniline, p-cyolohexylaniline. o-aminodlphenyl, m-aminodiphenyl, p-aminodiphenyl, benzylamine, a-phenylethylannine, 
p-phenylethylamine. aiJhenylpropylamine, p-phenylpropylamine and y-phenylpropylamine. 
[0051] Of the compounds represented by fomnula(1). examples of favorable compounds include compounds wherein 



wherein R^ has the same meaning as R^ above, or compounds represented by fomriula (5) 




wherein has the same meaning as R* above, or compounds represented by fomiula (7) 
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Is a saturated or unsaturated aliphatic dicarboxyiic acid residue, a Cg.^o saturated or unsaturated altcyclic 
dicarboxylic acid residue or a Ce-ao aromatic dicarboxyiic acid residue, and and are the same or different and 
each represents a 03.-12 cycloalkyi group or a group represented by formula (a), formula (b), fonmula (c) or formula (d). 
[0052] Among these compounds, more preferable compounds include compounds represented by fomiula (1) where- 
5 in R^ is a saturated aliphatic dioarboxyllo acid residue, a Cg.8 saturated aiicycllc dicarboxyiic acid residue or a 
05.^2 aromatic dicarboxyiic acid residue, and R^ and R^ each represent a C4.Q cycloaikyl group or phenyl group. 
[0053] Among the amide compounds represented by fomnula (1), particularly preferable compounds include N.N'- 
dicyclohexyl*2,6*naphtha1enedicarboxam!de. 

[0054] It is recommended that the amide compounds for use In the present invention have a maximum particle 
10 diameter of not more than 20 |im, preferably not more than 10 jim, andmorepreferably not more than 5 jim. A maximum 
particle diameter exceeding 20 pjn may lead to the breakage of the resulting film during stretching. The maximum 
particle diameter denotes a particle diameter as measured using laser diffraction analysis. 

[0055] It is recommended that the amount of ^-crystal nucleating agent to be used In the present Invention be 0.0001 
to 5 weight parts, and preferably 0.001 to 1 weight part, per 100 weight parts of the above-mentioned propylene- 
13 ethylene copolymer under item (i) or the polypropylene-based resin mixture under item (ii). If the amount of ^-crystal 
nucleating agent is less than 0.0001 weight part, pi crystals tend not to be produced In sufficient quantity, which leads 
to a reduction In pemneability of the resulting film. On the other hand, even if the amount exceeds 5 weight parts, no 
marked Improvement In effect Is observed, and furthermore, breakage may be caused In the stretching step, which is 
not desirable. 

20 [0056] The p-nucleating agent can be mixed when preparing a polypropylene-based resin or can be added when 
mixing resins that have been prepared separately. The method for mixing the ^-nucleating agent with the resin Includes 
known methods used for mixing a polypropylene resin and an additive. 

Porous polypropylene-based resin film 

25 

[0057] A porous polypropylene film of the present invention Is a film made of the above-mentioned polypropylene- 
based resin composition and having continuous through-pores, and has the following characteristics: 

(1 ) porosity is in the range of 20 to 80%; 
30 (2) Gurley air permeability measured according to JiS P-8117 (hereinafter simply referred to as "Gurley air per- 

meability") is 5,000 seo/100 cc or lower; 

(3) water vapor permeability measured according to JIS Z-0208 (hereinafter simply referred to as "water vapor 
permeability") is 2,000 g/m2.24h or higher; 

(4) water pressure resistance measured according to JIS L-1092 except that a 0.25 wt.% aqueous solution of a 
35 surfactant (sodium polyoxyethyiene (3) lauryl ether sulfate) is used instead of pure water (hereinafter referred to 

simply as "water pressure resistance") is 75 kPa or higher. 

[0058] These characteristics are Illustrated below. 

[0059] From the viewpoint of an absorbent article produced using a porous film of the present invention as a back- 
40 sheet being comfortable to wear without causing a stuffy feeling, the porous film of the present invention has a Gurley 
air permeability of not more than 5,000 sec/100 cc, preferably not more than 1,500 sec/100 cc, and a water vapor 
permeability of not less than 2,000 g/m^- 24h, preferably not less than 3,000 g/hi2'24h. The minimum value of the 
Gurley air permeability is not specifically restricted, but about 10 sec/100 cc Is preferable, and about 100 sec/100 cc 
is more preferable. The maximum value of the water vapor permeability is not specifically restricted, but about 20,000 
45 g/m2.24h, and about 10,000 g/m2.24h is more preferable. 

[0060] If the Gurley air penneability Is 10 sec/100 cc or lower, or the water vapor pemneability exceeds 20,000 g/ 
m2-24h, the water pressure resistance and tensile strength are lowered, and It becomes difficult to obtain the desired 
characteristics of the present invention. 

[0061 ] The water pressure resistance of a porous film used as a backside material of a conventional diaper for infants 
30 is about 15 kPa as measured by the same methods as mentioned above (the methods described in the Examples of 
this invention). On the contrary, the water pressure resistance of the porous film of the present Invention is at least 5 
times as high as that of a conventional film, that Is, 75 kPa or higher, and preferably 1 0 times, that Is, 1 50 kPa or higher, 
so it can be used for diapers for adults without uneasiness about urinary Incontinence. The maximum value of the 
water pressure resistance is not specifically restricted, but from a viewpoint of making it easy to obtain the desired 
55 Guriey air pemneability and water vapor pemneability, the maximum water pressure resistance is preferably about 400 
kPa, and more preferably about 300 kPa. 

[0062] While the thtekness of the porous polypropylene film of the present invention can be adjusted appropriately 
based on the requirement of Its use, by changing the thickness of the unstretched web sheet and the area stretch ratio, 
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It is recommended that the thickness of the porous polypropylene film be 5 to 50 jim, preferably 8 to 20 urn when 
breathability, texture, mechanical strength and leakage prevention are taken into consideration. When the thickness 
is below 5 ^m, it tends to be difficult to obtain sufficient mechanical strength and leakage prevention, and when the 
thickness exceeds 50 ym, it tends to be difficult to obtain sufficient breathability and good texture. 

5 [0063] Moreover, it has been found that in order to prevent the backside material from tearing when attaching or 
detaching a closure tape, it needs to have a tensile strength in its weakest direction of 200 kgf or higher, preferably 
300 kgf or higher, per cm of film width. The porous film of the present invention, when having a thickness of 5 to 50 
(im, has a tensile strength (mechanbal strength measured according to JIS K-7127) of 40.MPa or higher, particularly 
60 MPa or higher, and therefore is preferable from the viewpoint of strength as well. 

10 [0064] The porous film of the present Invention has the above-mentioned breathability, water vapor permeability and 
leakage prevention, and moreover, has a porosity of 20 to 80%, and preferably 30 to 60%. Rim having a porosity of 
less than 20% cannot have Gurley air permeability and water vapor pemneability within the abovennentioned range, 
and film having a porosity of more than 80% cannot achieve water pressure resistance within the above-mentioned 
range. 

15 [0065] The porous polypropylene film of the present invention is not only excellent In breathability and water vapor 
permeability, but also excellent in leakage prevention and mechanical strength. Accordingly, the film of the present 
invention can be widely used In the fields of light rainwear, light work clothes and other moisture-pemieable waterproof 
garments; paper diapers, sanitary products and other such absorbent articles; bed sheets and other hygienic merchan- 
dise; waterproof sheets, wallpaper and other construction materials; packaging materials for desiccants, deoxygena- 

20 tors, chemical hand warmers and the like; synthetic paper, filtration membranes and separation membranes, battery 
separators used in batteries and in electrolysis and the like; medical materials; agricultural multi-sheets; and so forth. 
[0066] Among the above-mentioned products, an absorbent article using the porous polypropylene-based film of the 
present invention as a backsheet has sufficient strength, and thus the backside material of the article will not break 
when attaching or detaching a closure tape. Moreover, the absorbent article is excellent in leakage prevention, and 

25 there is no need for concern about urinary incontinence when used as diapers for adults, and thus the article can be 
used comfortably. Furthemnore, the absorbent article has excellent breathability, water vapor penneabllity and good 
texture and is comfortable to wear without causing a stuffy feeling. 

Process for producing a porous polypropylene-based resin film 

30 

[0067] The porous polypropylene-based resin film of the present Ivention having the above-mentioned characteristics 
can be prepared, for example, by producing an unstretched web sheet from a resin composition containing the above- 
mentioned polypropylene-based resin and the above-mentioned ^-nucleating agent, and stretching the resulting un- 
stretched web sheet. 

35 [0068] That Is, the process for producing the porous polypropylene film of the present invention with excellent breath- 
ability and continuous through-pores is 

characterized by stretching an unstretched web sheet composed of a polypropylene-based resin composition com- 
prising: 

40 (I) (i)a propylene-ethylene copolymer having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS 

K-6857) measured at 230"C of 2.0 to 4.0 g/1 0 min. or 

(11) a polypropylene-based resin mixture containing a propylene-ethylene copolymer, the mixture. having an 
ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230^0 of 2.0 to 4.0 
45 g/IOmin, and 

(11) a p-crystal nucleating agent, 

wherein the proportion of thermally stable P crystals (P1 crystals) relative to the total amount of all crystals is 65% 
or higher and the pi -crystal heat of fusion is 50 J/g or higher, as detemiined by differential scanning calorimetry 
50 (DSC). 

Hereinafter, (AA) an unstretched web sheet and (BB) a process for producing the unstretched web sheet, and 
then (CC) a process for producing a porous polypropylene-based resin film of the present invention are described. 

(AA) Unstretched web sheet 

55 

[0069] As mentioned above, the unstretched web sheet for use in the present invention is an unstretched web sheet 
composed of a polypropylene-based resin composition containing (I) (i) a propylene-ethylene copolymer having an 
ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230<*C of 2.0 to 4.0 g/1 0 min or 
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(ii) a polypropylene-based resin mixture containing a propylene-ethylene copolymer, the mixture having an ethylene 
content of 3.0 to 7.0 wt.% and a melt flow rate (MFR. JIS K-6857) measured at 230*C of 2.0 to 4.0 g/1 0 min; and 
(II) a p-crystal nucleating agent. 

5 [0070] In the present invention, It is recommended that the unstretched web sheet have the following physical prop- 
erties. Specifically. It is recommended that DSC shows that 1) the p1 -crystal content. I.e.. the proportion of thermally 
stable p crystals (pi crystals) relative to the total amount of all crystals (i.e., the sum of the amounts of a crystals. pi 
crystals and p2 crystals), be at least 65%, preferably at least 70%, and more preferably at least 75%, and 2) the 
pl-ciystal heat of fusion per unit weight of the unstretched web sheet (i.e., whole resin composition = crystal portion 

10 4- non-crystal portion) be 50 J/g or higher, preferably 55 J/g or higher, more preferably 60 J/g or higher. When the 
pi -crystal content and the pi -crystal heat of fusion are within the above respective ranges, almost no Independent 
pores are formed and a porous film having the desired properties can be easily obtained. 

[0071] In the present invention, the p1 -crystal content and the pi -crystal heat of fusion are detennined by cutting an 
unstretched polypropylene sheet to a suitable size to prepare a sample, subjecting this sample to differential scanning 
calorimetry (DSC) in a nitrogen atmosphere and at a heating rate of 20 ''C/min. and then calculating the pi -crystal 
content and the pi -crystal heat of fusion according to the following equation using a-crystal and pi -crystal heat of 
fusion obtained from this DSC thennogram: 

p1 -crystal content (%) = 1 GO x (the p-crystal heat of fusion) / (sum of the a-crystal heat of fusion and the p-crystal 
heat of fusion) 

20 [0072] The pi -crystal heat of fusion (J/g) - (the p-crystal heat of fusion)(J) / (the weight of unstretched web sheet 
sample) (g). 

[0073] Since the p2 crystal, which is a metastable crystal, has lower heat stability than the p1 crystal, and almost all 
of the p2 crystals transfomn to a crystals by the heat given to the sample during DSC measurement, the pi -crystal 
content and the pi -crystal heat of fusion can be estimated from the DSC thennogram. 

25 

(BB) Process for producing the unstretched web sheet 

[0074] In the present invention, the polypropylene-based resin described in the foregoing item "Polypropylene-based 
resin" is mixed (preferably, mixed uniformly) with the p-crystal nucleating agent described in the foregoing item "p- 

30 crystal nucleating agent" by a conventional method to produce a polypropylene-based resin composition (raw com- 
pound), and then an unstretched web sheet Is prepared from the thus obtained polypropylene-based resin composition. 
[0075] The polypropylene-based resin composition (raw compound), used for preparing the unstretched web sheet 
of the present invention having the pi -crystal content and the p1 -crystal heat of fusion within the above-mentioned 
ranges, preferably contains the above-mentioned p-crystal nucleating agent and at least two kinds of polypropylene- 

35 based resins, at least one of the resins, partlcularty all the resins, having a weight average molecular weight (Mw) 
detemnined by gel penneation chromatography (GPC) of 10^ to 10^ and an MFR of 0.5 to 10.0 g/10 min. 
[0076] Specifically, the unstretched web sheet of the present invention is composed of a polypropylene-based resin 
composition comprising (I) a polypropylene-based resin mixture containing a propylene-ethylene copolymer, the mix- 
ture having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230''C of 2.0 

40 to 4.0 g/1 0 min, and (II) a p-crystal nucleating agent, wherein at least one component of the polypropylene-based resin 
mixture is preferably a polypropylene-based resin having a weight average molecular weight (Mw) of 10^ to 10^ as 
determined by gel pemieatlon chromatography (GPC) and a melt flow rate (MFR, JIS K-6857) measured at 230''C of 
0.5 to 10.0 g/10 min. 

[0077] More preferably, it is recommended that the polypropylene-based resin mixture used for the process of the 
45 present invention is a resin mixture comprising at least two resins selected from polypropylene-based resins repre- 
sented by the abovie-mentloned (A), (B) and (C). 

[0078] Conventional polyolefin modifiers can be appropriately added to the polypropylene-based resin composition 
according to the present invention as dictated by the intended use and application, to the extent that the effect of the 
present invention is not Impaired. 

50 [0079] Examples of such polyolefin modifiers Include various additives described in the ''Digest of Positive List of 
Additives'* (October, 1990) edited by the Japan Hygienic Olefin And Styrene Plastics Association. Specific examples 
Include stabilizers (such as metal compounds, epoxy compounds, nitrogen compounds, phosphorus compounds and 
sulfur compounds), UV absortsers (such as benzophenone compounds and benzotriazole compounds), antioxidants 
(such as phenol compounds, phosphorous ester compounds, and sulfur compounds), suriactants, lubricants (such as 

55 paraffin, wax and other aliphatic hydrocarbons, O^.^^ I^lg^er ^sitty acids, 09.22 higher fatty acid metal (Al, Ca, Mg, Zn) 
salts, 03.^8 acids, Ca.22 aliphatic alcohols, polyglycols, esters of C4.22 higher fatty acids and C^^^ aliphatic mono- 
hydric alcohols, 0^22 higher fatty acid amides, silicone oils and rosin derivatives), fillers (such as talc, hydrotalcite, 
mica, zeolite, periite, diatomaceous earth, calcium cariDonate and glass fiber), foaming agents, foaming auxiliaries. 
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polymer additives, plasticizers, crosslinking agents, crossltnking accelerater, antistatic agents, neutrallzers, antiblock- 
ing agents, anti-fogging agents, polymer alloy components (such as block SBR. random SBR. hydrogenated products 
thereof, and like rubbers, and polystyrenes), flame retardants, dispersants, organic and Inorganic pigments and dyes, 
and working auxiliaries. 

[0080] The processes for producing the unstretched web sheet of the present invention having the above-mentioned 
characteristk» may include a variety of processes, but the processes such as mentioned below are preferable. 
[0081] The preferable process comprises the steps of dry-blending the aforementioned (i}propyiene-ethylene copol- 
ymer or (ii)poiypropylene-based resin mixture with a ^-crystal nucleating agent (and optionally the aforementioned one 
or more polyolefin modifiers) in a known mixer, such as a Henschel mixer, tumbler mixer, V blender, ribbon blender, 
Banbury mixer and the like, melt-kneading the resulting mixture in a single or double screw extruder or the like, and 
then cooling and palletizing the mixture to obtain a polypropylene-based resin composition (raw compound). The tem- 
perature in the mixing process generally ranges from room temperature to about 1 00**C and the mixing time varies 
depending on the rotational speed of the device, but Is generally about 1 to 20 minutes. Also, the temperature In the 
melt-kneading process is preferably 200 to 280''C. 

[0082] Then, the obtained polypropylene-based resin composition pellets (raw compound) Is extruded from an ex- 
truder equipped with a T-dle or an Inflation die to prepare a sheet, and cooling the sheet to obtain the desired unstretched 
web sheet. 

[0083] Particularly, a molten sheet of polypropylene-based resin composition (raw compound) extruded from a T-die 
Is preferably cooled and solidified under the following crystallization conditions (crystallization temperature, crystalli- 
zation holding time). 

[0084] The crystallization temperature as used herein is the temperature for cooling and solidifying a molten sheet, 
that is, the temperature of the sheet in the crystallization process. Specifically, when the molten sheet is cooled and 
solidified (crystallized) on a chill roil, the crystallization temperature corresponds to the surface temperature of the chill 
roll. Also, the crystallization holding time is the time during which the sheet is maintained at the above-mentioned 
crystallization temperature. Specifteally, when the molten sheet Is cooled and solidified (crystallized) on the chill roll, 
the time denotes the contact time between the sheet and the chill roll. 

[Crystallization temperature (Tcr, ""C)] 


Preferably. IIS^C ^ Tcr ^ 125»C 
More preferably, Tcr = 120 ± S^'C 

[Crystallization holding time (tcr, sec)] 

[0086] Shortest crystallization holding time (tmin (sec)) ^ tcr < 80 seconds 

[0087] Herein, the shortest crystallization holding time (tmin (sec)) is cateulated by the following Equation 1 to Equa- 
.tion 4: . 


[0085] 


110*'C<Tcr ^ 130'C 


[0088] 


In the case of Tcr (°C) < 1 20»C, 


tmin(sec) = 0.10(120 - Tcr)^ + 10 


(Equation 1) 


Preferably, tmin(sec) = 0.25(120 - Tcr)^ + 20 


(Equation 2) 


[0089] 


In the case of Tcr ('C) g 120**C. 


tmin(sec) = 0.30(120 - Tcr)^ + 10 


(Equation 3) 


Preferably, tmin(sec) = 0.40(120 - Tcr)^ + 20. 


(Equation 4) 
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[0090] When Tcr is 11 0**C or tower, the desired pi -crystal content and the pi -crystal heat of fusion are not achieved, 
irrespective of the tcr value. When Tcr is higher than 130''C, the desired p1 -crystal content and the pi -crystal heat of 
fusion are not achieved unless tor is set to be at least 60 seconds or longer, and therefore productivity is significantly 
decreased. 

5 [0091] The pi -crystal generation speed reaches the maximum at about 120''C, and the generation speed falls as 
the temperature deviates from 120^*0 or so. Therefore, in the case of Tcr = 120*^0, the desired amount of p1 -crystals 
are generated when tcr is at least 10 seconds, preferably at least 20 seconds. At temperatures other than 120''C, a 
tcr which is longer than tmin calculated by Equation 1 to Equation 4 is needed. For example, in the case of Tcr = 1 30^*0, 
tcr must be at least 40 seconds or longer to form the desired p1 crystals. 

10 [0092] When tcr is set to be shorter than tmin calculated by Equation 1 to Equation 4, the desired pi -crystal content 
and the pi -crystal heat of fusion are not achieved, irrespective of the crystallization temperature. Moreover, when tcr 
Is set to be longer than 60 seconds, the pi -crystal content and the pi -crystal heat of fusion can satisfy the desired 
range, but this reduces productivity and leads to a tremendous Increase in production cost, and therefore is not desirable 
from an industrial viewpoint. 

15 [0093] Industrially, it is necessary to increase productivity, i.e., molding speed, but tal<ing equipment costs and the 
like Into consideration, It Is not practical to secure the above-mentioned tcr with used of only one chill roll. Thus, to 
increase the molding speed, it is practical and preferable to satisfy the above-mentioned crystallization holding time 
condition by crystallizing a molten sheet of a raw compound extmded from a T-die with use of a combination of a 
plurality of chill rolls, that is, with use of a multistage chill roll, or using one chill rott in combination with a heat source 

20 other than a chill roll. As the heat source other than a chill roil, a warm air heater, an IR heater, an oven, a hot bath or 
like temperature-holding equipment can be used either singly or In combination. 

[0094] When the above-mentioned method is adopted, Tor can be used as a single temperature or more than two 
temperatures, insofar as Tor is within the above-mentioned range. 

[0095] It is recommended that the molten resin temperature of the polypropylene-based resin composition (raw com- 
25 pound) extruded from a T-die should be in the range of 200 to 280''C. When the molten resin temperature is lower than 
200" C, non-molten resin may be generated and breakage in the stretching step may occur. A molten resin temperature 
exceeding 280*'C leads to degradation of the resin, causing breakage in the stretching step and coloration of the 
resulting film. However, the molten state and degradation situation of the resin vary considerably with the type of the 
resin and the stabilizer used, and therefore it is not always required that the molten resin temperature be within the 
30 temperature range given above. 

(CC) Process for producing a porous polypropylene-based resin film 

[0096] A porous polypropylene film of the present invention, which has excellent breath ability and continuous 
35 through-pores and is suitable for use as a backsheet for absorbent articles, can be produced by stretching the un- 
stretched web sheet obtained above. 

[0097] The stretching process can be carried out by any of uniaxial stretching and a simultaneous or successive- 
biaxial stretching, but a successive biaxial stretching method is specifically recommended. 

[0098] In the case of the uniaxial stretching method or simultaneous biaxial stretching method, it is recommended 

40 that the stretching ternperature be from 60 to MO^'C, the stretch ratio in one direction be 4 to 8 times, and the area 
stretch ratio (machine direction stretch ratio x transverse direction stretch ratio) be 4 to 40 times. 
[0099] In the case of the successive biaxial stretching method, it is desirable, as the machine direction stretching 
condition for the first step, that the stretching temperature be from 70 to SO'^C and that the stretch ratio be 4 to 5 times. 
A stretching temperature lower than 70^*0 makes it difficult to stretch films uniformly, whereas a temperature exceeding 

45 SQ^c signiftoantly lowers the breathability of the resulting film. 

[0100] It Is desirable, as the transverse direction stretching condition for the second step, that the stretching tem- 
perature be 135 to 155**C, preferably 140 to 150**C and the stretch ratio be 5 to 10 times, preferably 7 to 8 times, and 
the stretching rate be 10 to 300%/sec, preferably 20 to 200%/sec, more preferably 40 to 150%/sec. A stretching tem- 
perature lower than 1 35*C may lead to breakage during stretching, whereas a stretching temperature exceeding 155**C 

so significantly lowers the breathability of the resulting film. A stretch ratio lower than 5 times may lead to bad productivity, 
which is not economical, whereas a stretch ratio exceeding 8 times may lead to breakage during stretching. 
[0101] The transverse direction stretching rate has an Influence on the formation of continuous through-pores, and 
the slower the stretching rate is, the more easily it is to form the through-pores. If the stretching rate is slower than 
300%/sec, continuous through-pores can be formed effectively, thus the porous film with excellent breathability of the 

55 present Invention can be obtained advantageously, and moreover, breakage during stretching can be substantially 
avoided. If the stretching rate Is slower than 10%/sec, the porous film of the present Invention can be obtained, but it 
is desirable to carry out the stretching process at a stretching rate of not less than 10%/sec taking productivity Into 
consideration from an industrial viewpoint. 
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[0102] The area stretch ratio (machine direction stretch ratio x transverse direction stretch ratio) can be adjusted 
appropriately by selecting the machine direction stretch ratio and transverse direction stretch ratio. The recommended 
area streteh ratio Is 20 to 50 times, preferably 24 to 40 times, taking productivity and production stability into consid- 
eration. 

5 

A backsheet and absorbent articles 

[01 03] As mentioned above, the porous polypropylene film of the present invention is excellent in not only breathabillty 
and water vapor permeability, but also leakage prevention and mechanical strength. Thus, the film of the present 

10 invention can be widely used in the fields of light rainwear, light work clothes and other molsture-pemrieable waterproof 
garments; hygienic articles (paper diapers (disposable diapers, pants-shaped diapers, etc.), sanitary napkins and other 
sanitary products, incontinence pads and absortaent articles, bed sheets and other hygienic merchandise); waterproof 
sheets, wallpaper and other construction materials; packaging materials for desiccants, deoxygenators, chemical hand 
wamners and the like; synthetic paper, filtration membranes and separation membranes, battery separators used in 

IS batteries and in electrolysis and the like; medical materials; agricultural multi-sheets; and so forth. 

[0104] The porous polypropylene-based film of the present invention is especially suitable for use as a backsheet 
for the above-mentioned absorisent articles. 

[0105] Thus, the present invention provides a backsheet for absorbent articles that comprises the porous polypro- 
pylene film of the present Invention with excellent breathabillty and continuous through-pores. 

20 [0106] Absorbent articles include articles having a structure as schematically outlined In Fig. 1 . 

[0107] Thus, the present invention also provides an absortDent article which comprises a liquid-permeable topside 
material 1 , a leakage-prevention backside material 2 and an absorising material 3 interposed between the topside 
material 1 and the backside material 2, wherein a backsheet composed of the above-mentioned porous polypropylene 
film of the Invention is used as the backside material 2. 

25 [0108] As the llquid-pemieable topside material 1 , various topside materials conventionally used in the field of such 
absorbent articles can be used. Preferable examples of such topside materials include non-woven fabrics made of 
polyethylene, polypropylene or like polyolefin, polyethylene sheets with pores and the like. 

[0109] As the absorising material 3, various absorbing materials conventionally used in the field of such absorbent 
articles can be used. Examples of such absorbing materials include fluffy pulp, absorbent paper, super-absorbent 

30 polymers such as starch-based or cellulose-based graft polymers, carboxymethylated polymers, polyacrylic acid salt- 
based polymers, polysulfonic acid salt-based polymers, polyvinyl alcohol-based polymers, polyvinyl alcohol/poly acrylic 
acid salt copolymer-based polymers, polyacrylamide-based polymers, polyoxymethylene-based polymers and like syn- 
thetic polymers. Generally, the above-mentioned superabsorbent polymers, fluffy pulp and absorbent paper are used 
as multilayered and/or as mixed. 

35 [0110] The absorbent articles of the present Invention can be easily produced by methods conventionally used in 
the art. 

[01 1 1 ] Absorbent articles include those in various fomis as described in Fine Chemical, 24 (20), 16(1 995) and the 
like, and the backsheets and absorisent articles of the present Invention can be used for absorbent artteles In these 
various forms. 

40 [01 1 2] In the case of diapers and the like, it is naturally possible to provide an elastic function element which prevents 
excreta from leaking out beyond the waist or leg region, or a closure tape which fastens the diaper on the front and 
rear waist regions when wearing the diaper, and any known techniques which are adopted in the field of absorbent 
artk^les can be added. 

[01 1 3] Since an absorbent article prepared using the backsheet of the present invention has sufficient strength, the 
^ backside material of the article will not break when attaching or detaching a closure tape. Moreover, the article is 
excellent in leakage prevention, and there is no need for concern about urinary incontinence even when used in diapers 
for adults, and thus the article can be used comfortably. Furthermore, the absori^ent article of the invention has excellent 
breathabillty, water vapor pemrieability and good texture and is comfortable to wear without causing a stuffy feeling. 

50 EXAMPLES 

[0114] The present invention wilt be illustrated in more detail with reference to the following examples and compar- 
ative examples. The ethylene content of a single resin or a resin mixture, the K value, the pi -crystal content, the 
pi -crystal heat of fusion of the unstretched web sheet, the porosity, Gurtey air permeability, water vapor pemneability, 
55 tensile strength and leakage p revention (water pressure resistance) of the stretched film were determined by the meth- 
ods given below. 

Ethylene content : A film having a thickness of about 50 ^m was prepared using a compression molding machine, and 
the IR spectrum of the film was measured by the transmission technique with ten times averaging, using Parian Elmer 


.16 


EP 1 291 380 A1 


IR spectrometer 1 720-X. The absorbance at 722 cm*^ , which Is attributable to the ethylene unit, and the absorbance 
at 81 5 cm'^ . which is attributable to the propylene unit, were each read from the obtained IR spectrum, and the ethylene 
content (wt.%) was determined from the following equation. 

5 

Ethylene content = 1 00 x (a/1 .2)/[(a/1 .2) + (3b/0.6)l 
wherein a is the absortsance at 722 cnr^ and b is the absorbance at 815 cnrr^ 

K value : An unstretched web sheet was subjected to X*ray diffraction, and the K value was determined from the following 
10 equation. 

K valuer H(^)/[H(P^) + H(a^)^ Hia^) + Hlo^)] 

15 H(P^): diffraction intensity (height) of p-crystal (300) plane 

H(ai): diffraction Intensity (height) of a-crystal (110) plane 
H(a2): diffraction Intensity (height) of a-crystal (040) plane 
H(a3): diffraction intensity (height) of a-crystal (130) plane 

p1 -crystal content and B1 -crystal heat of fusion: An unstretched polypropylene sheet was cut to a suitable size to 
20 prepare a sample, and this sample was subjected to differential scanning calorimetry (DSC) in a nitrogen atmos- 

phere at a heating rate of 20'*C/mln using the Parkin Elmer DCS7. The pi -crystal content and the pi -crystal heat 
of fusion were each determined by the following equation using the a-crystat heat of fusion and p-crystal heat of 
fusion obtained from the DSC themiogram. 

pi -crystal content (%) = 100 x (the P-crystal heat of fusion) / (sum of the a-crystal heat of fusion and the p-crystal 
25 heat of fusion) 

P1 -crystal heat of fusion (J/g) = the p-crystal heat of fusion (J) / sample weight (g) 

Porosity : A stretched film was cut into a square and the length of one side (L cm), the weight (W g), and the 
thickness (D cm) were measured. The porosity was then calculated by the following equation: 

30 

Porosity = 100 - 100(W/p) / (L^ x D) 


wherein p Is the density of the unstretched polypropylene film prior to stretching. 

Guriey air permeability : Measured according to JIS P-81 1 7. Water vapor penneability : Measured according to JIS 
35 Z-0208. Tensile strength : Measured according to JIS K-71 27. 

Leakage prevention : The water pressure resistance (kPa) was measured according to JIS L-1092 except that a 
0.25 wt.% aqueous solution of a surfactant (sodium polyoxyethylene (3) lauryl ether sulfate) was used instead of 
pure water. 

40 [Preparation of raw compound] 


[0115] N,N'-Dicyclohexy!-2,6-naphthalenedicartoxamide (0.2 weight part, used as a p-crystal nucleating agent) and 
0.05 weight part of Irganox 1010 and 0.05 weight part of Irgafos 168 (used as stabilizers) were mixed in a Henschel 
mixer with 100 weight parts of a polypropylene-based resin mixture having the composition shown in Table 1. This 
45 mixture was melt mixed at 240° C, and the extmded resin was cooled and pelletized. The MFR and ethylene content 
of the polypropylene-based resin mixture used are shown In Table 1 . 
[0116] The characteristics of each raw resin shown in table 1 are as follows: 


A1 : MFR = 0.5 g/10 min, Mw = 552,000, ethylene content = 4.4 wt.% propylene-ethylene block 
SO fii2: MFR = 1 .5 g/10 min, Mw = 658,000, ethylene content = 9.2 wt.% propylene-ethylene block 

A3: MFR = 0.5 g/10 min. Mw = 573,000, ethylene content = 0.0 wt.% propylene homopolymer 
B1 : MFR = 2.5 g/10 min, Mw = 512,000, ethylene content = 4.7 wt.% propylene-ethylene block copolymer 
B2: MFR = 2.9 g/10 min, Mw = 385,000, ethylene content = 0.0 wt.% propylene homopolymer 
CI : MFR = 6.5 g/10 min, Mw = 303,000, ethylene content = 4.4 wt.% propylene-ethylene block 
55 C2: MFR = 4.2 g/10 min, Mw = 305,000, ethylene content = 7.8 wt.% propylene-ethylene block 


: copolymer 
: copolymer 


copolymer 
copolymer. 
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Exampie 1 

[0117] The raw compound PP1 was extruded in the form of a sheet at a resin temperature of 220''C using a T-die 
extruder (twin screw extruder with a screw diameter of 65 mm. plus a T-die with a width of 350 mm). This sheet was 

5 cooled and solidified with use of a chill roll with a diameter of 600 mm and maintained at a surface temperature of 
120''C, producing a polypropylene unstretched web sheet with a thickness of about 250 jim. The contact time (crys- 
tallization holding time) between the unstretched web sheet and the chill roll was 12 seconds. Next, the obtained 
unstretched web sheet was allowed to cool to room temperature, and the K value, pi -crystal content, and pi -crystal 
heat of fusion were measured. (These physical properties were measured after allowing the unstretched web sheet to 

10 cool to room temperature in the following examples and comparative examples as well.) The K value, pi -crystal content 
and pi -crystal heat of fusion of the unstretched web sheet are shown in Table 2. 

[01 1 8] The obtained unstretched web sheet was subjected to roll stretching in machine direction at a ratio of 4 times 
at a temperature of 80°C, and then subjected to tenter stretching In transverse direction at a ratio of 7.5 times and at 
24%/sec and at 1 40''C, producing a white opaque stretched film. The thickness, porosity, Gurley air penmeability, water 
15 vapor permeability, tensile strength and water pressure resistance of the obtained stretched film are shown in Table 2. 

Example 2 

[0119] A stretched film was prepared in the same manner as in Example 1 except that PP2 was used as the raw 
20 compound. The K value. pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web sheet, and 
the thickness, porosity, Gurley air permeability, water vapor permeability, tensile strength and water pressure resistance 
of the stretched film are shown in Table 2. 

Examples 

25 

[0120] A stretched film was prepared in the same manner as in Example 1 except that PP3 was used as the raw 
compound, the machine direction stretching temperature was changed to 75*C, and the transverse direction stretching 
rate and stretch ratio were changed to 26%/sec and 8.0 times, respectively. The K value, pi -crystal content and pi -crys- 
tal heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air penmeability, water 
30 vapor permeability, tensile strength and water pressure resistance of the stretched film are shown in Table 2. 

Example 4 

[0121] A stretched film was prepared In the same manner as in Example 1 except that PP4 was used as the raw 
35 compound, the machine direction stretching temperature was changed to 85°C, and the transverse direction stretching 
temperature, stretching rate and stretch ratio were changed to 146*'C, 16%/sec and 5.0 times, respectively. The K 
value, pi -crystal content and pi -crystal heat effusion of the obtained unstretched web sheet, and the thickness, po- 
rosity, Gurley air penneabillty, water vapor pemieability, tensile strength and water pressure resistance of the stretched 
film are shown In Table 2. 

40 

Example 5 

[0122] A stretched film was prepared in the same manner as in Example 1 except that PP5 was used as the raw 
compound. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web sheet, and 
45 the thickness, porosity, Gurtey air penmeability, water vapor permeability, tensile strength and water pressure resistance 
of the stretched film are shown in Table 2. 

Example 6 

50 [0123] A stretched film was prepared In the same manner as in Example 1 except that PP6 was used as the raw 
. compound. The K value, pi Crystal content and pi -crystal heat of fusion of the obtained unstretched web sheet, and 
the thickness, porosity, Gurley air permeability, water vapor penmeabitity, tensile strength and water pressure resistance 
of the stretched film are shown in Table 2. 

S5 Example 7 

[01 24] A stretched film was prepared in the same manner as in Example 6 except that the transverse direction stretch 
ratio and stretching rate were changed to 5.0 times and 16%/sec, respectively. The K value, P1 -crystal content and 
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pi -crystal heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air penneability, 
water vapor penmeabllity, tensile strength and water pressure resistance of the stretched film are shown In Table 2. 

Example 8 

5 

[0125] A stretched film was prepared in the same manner as In Example 1 except that PP7 was used as the raw 
compound. The K value, p1 -crystal content and p1 -crystal heat of fusion of the obtained unstretched web sheet, and 
the thickness, porosity, Gurley air permeability, water vapor permeability, tensile strength and water pressure resistance 
of the stretched film are shown In Table 2. 

10 

Example 9 

[0126] A stretched film was prepared in the same manner as in Example 4 except that PP8 was used as the raw 
compound and the machine direction stretching temperature was changed to 80'*C. The K value, pi -crystal content 
15 and pi -crystal heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air pemrieabMlty, 
water vapor pemneabllity, tensile strength and water pressure resistance of the stretched film are shown in Table 2. 

Example 10 

20 [0127] A stretched film was prepared in the same manner as in Example 7 except that PP9 was used as the raw 
compound. The K value, p1 -crystal content and pi -crystal heat of fusion of the obtained unstretched web sheet, and 
the thickness, porosity, Gurley airpenneability, watervapor permeability, tensile strength and water pressure resistance 
of the stretched film are shown in Table 3. 

25 Example 11 

[0128] A stretched film was prepared in the same manner as in Example 7 except that PP1 0 was used as the raw 
compound. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web sheet, and 
the thickness, porosity, Gurley air permeability, watervapor permeability, tensile strength and water pressure resistance 
30 of the stretched film are shown in Table 3. 

Example 12 

[0129] A stretched film was prepared in the same manner as in Example 1 except that PP11 was used as the raw 
35 compound and the machine direction stretching temperature was changed to 75*'C. The K value, pi -crystal content 
and pi -crystal heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air permeability, 
water vapor permeability, tensile strength and water pressure resistance of the stretched film are shown in Table 3. 

Example 13 

40 

[0130] A stretched film was prepared in the same manner as in Example 6 except that the contact time between the 
unstretched web sheet and the chill roll was extended to 21 seconds and the transverse direction stretching rate was 
changed to 48%/sec. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet, and the thickness, porosity, Gurley airpenneability. watervapor penneabllity, tensile strength and water pressure 
^ resistance of the stretched film are shown in Table 3. 

Example 14 

[0131] A stretched film was prepared in the same manner as in Example 6 except that the contact time between the 
50 unstretched web sheet and the chill roll was extended to 32 seconds and the transverse direction stretching rate was 
changed to 71%/sec. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet, and the thickness, porosity, Gurley air permeability, watervapor pemieabiitty, tensile strength and water pressure 
resistance of the stretched film are shown in Table 3. 

55 Example IS 

[0132] A stretched film was prepared In the same manner as in Example 7 except that the surface temperature of 
the chill roll was changed to 115**C, and the contact time and machine direction stretch ratio were changed to 16 
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seconds and 4.5 times, respectively. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained 
unstretched web sheet, and the thickness, porosity, Gurley air permeability, water vapor permeability, tensile strength 
and water pressure resistance of the stretched film are shown In Table 3. 

s Example 16 

[0133] A stretched film was prepared in the same manner as in Example 1 5 except that the surface temperature of 
the chill roll and the contact time were changed to 1 25^C and 1 8 seconds, respectively. The K value, pi -crystal content 
and pi -crystal heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air permeability, 
10 water vapor permeability, tensile strength and water pressure resistance of the stretched film are shown in Table 3. 

Example 1 7 

[0134] A stretched film was prepared In the same manner as in Example 6 except that the number of chill rolls was 
IS increased to three, the surface temperature of the first chill roll was held at 11 5^*0 and that of the second and third chill 
rolls was held at 1 25°C, the holding time at each temperature was changed to 6 seconds and 1 5 seconds respectively, 
the machine direction stretching temperature was changed to VS'^C and the transverse direction stretching rate was 
changed to 142%/sec. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet, and the thickness, porosity, Gurley air pemneabilrty, watervaporpemieability, tensile strength and water pressure 
20 resistance of the stretched film are shown in Table 3. 

Comparative Example 1 

[0135] An unstretched web sheet was prepared in the same manner as in Example 14 except that PP12 was used 
25 as the raw compound. The K value, p1 -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet are shown in Table 4. The preparation of a stretched film was then attempted in the same manner as in Example 
7 using the obtained unstretched web sheet, but a unifomi stretched film could not be obtained, due to remarkably 
uneven stretching during the machine direction stretching step. 

30 Comparative Example 2 

[0136] An unstretched web sheet was prepared in the same manner as In Example 14 except that PP13 was used 
as the raw compound. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet are shown in Table 4. The preparation of a stretched film was then attempted in the same manner as in Example 
35 7 using the obtained unstretched web sheet, but a unifonm stretched film could not be obtained, due to remarkably 
uneven stretching during the machine direction stretching step. 

Comparative Example 3 

40 [0137] An unstretohed web sheet was prepared in the same manner as in Example 1 except that PPM was used 
as the raw compound. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet are shown in Table 4. The preparation of a stretched film was then attempted In the same manner as in Example 
7 using the obtained unstretched web sheet, but a unifonm stretched film could not be obtained, due to breakage of 
the film during the transverse direction stretching step. 

45 

Comparative Example 4 

[0138] An unstretched web sheet was prepared in the same manner as In Example 1 except that PP15 was used 
as the raw compound. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
so sheet are shown In Table 4. The preparation of a stretched film was then attempted in the same manner as in Example 
7 using the obtained unstretched web sheet, but a unifonn stretched film could not be obtained, due to breakage of 
the film during the transverse direction stretching step. 

Comparative Example 5 

55 

[0139] A stretched film was prepared in the same manner as in Example 7 except that PP16 was used as the raw 
compound. The K value. p1 -crystal content and pi -crystal heat of fusion of the obtained unstretched web sheet, and 
the thickness, porosity. Guriey air pemneabltity, water vapor pemneablllty, tensile strength and water pressure resistance 
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10 


20 


25 


of the stretched film are shown in Table 4. 
Comparative Example 6 

[0140] An unstretched web sheet was prepared In the same manner as In Example 1 except that PP17 was used 
as the raw compound. The K value, p1 -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
sheet are shown in Table 4. The preparation of a stretched film was then attempted In the same manner as in Example 
7 using the obtained unstretched web sheet, but a unifomn stretched film could not be obtained, due to breakage of 
the film during the transverse direction stretching step. 

Comparative Example 7 


[0141] An unstretched web sheet was prepared in the same manner as in Example 1 except that PP18 was used 
as the raw compound. The K value, pi -crystal content and pi -crystal heat of fusion of the obtained unstretched web 
IS sheet are shown in Table 4. The preparation of a stretched film was then attempted in the same manner as in Example 
7 using the obtained unstretched web sheet, but a unifomn stretched film could not be obtained, due to brealcaga of 
the film during the transverse direction stretching step. 


Comparative Example 8 

[01 421 A stretched film was prepared In the same manner as in Example 1 4 except that the surface temperature of 
the chill roll was changed to 110'C. The K value, p1 -crystal content and pi -crystal heat of fusion of the obtained 
unstretched web sheet, and the thickness, porosity, Gurley air pemneability, water vapor permeability, tensile strength 
and water pressure resistance of the stretched film are shown In Table 4. 

Comparative Example 9 


[01 43] A stretched film was prepared in the same manner as in Example 1 4 except that the surface temperature of 
the chill roll was changed to 132**C and the contact time was changed to 60 seconds. The K value, pi -crystal content 
30 and p1 -crystal heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air permeability, 
water vapor pemneability, tensile strength and water pressure resistance of the stretched film are shown in Table 4. 

Comparative Example 10 

35 [0144] A stretched film was prepared in the same manner as in Example 14 except that the contact time between 
the unstretched web sheet and the chill roll was changed to 8 seconds. The K value, pi -crystal content and pi -crystal 
heat of fusion of the obtained unstretched web sheet, and the thickness, porosity, Gurley air permeability, water vapor 
pemneability, tensile strength and water pressure resistance of the stretched film are shown in Table 4. 

40 


45 


50 


55 


21 


EP1 291 380A1 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


9 
H 


Raw oompound | 

PP18 

1 


1 

in 
ra 

1 

tn 

1 

• 

• 

PP17 

e 

H 


t 

1 

■ 

o 
a\ 

1 

• 

■ 

PP16 

in 
« 

• 

1 

tn 


1 

1 

■I 

» 

PP15 

1 

■ 

t 


1 

1 

O 

o 

fH 

• 

00 

1 

PP14 

1 


1 


1 

o 
o 
»-« 

1 

tn 
• 

• 

PP13 


• 

f 


o 
o 

iH 

1 

1 

• 

o 
ft 

o 

PP12 

OOTl 

• 

1 

• 

1 

1 

1 

m 
* 

o 

• 

PPll 

1 

■ 

o 

N 

• 

t 

1 

o 

00 

• 

CSl 

CM 

• 

PPIO 

t 

CO 

1 

• 

eo 
eo 

1 

eo 

t 

CM 

• 

in 

o\ 
P« 

1 

eo 

CO 

i 

■ 

CO 
CO 

CO 

• 

• 

eo 

in 
• 

00 

p« 

At 

o 
rt 

• 

1 

• 

• 

o 

• 

in 
« 

CO 

• 

PP7 

in 

• 

1 

o 

■ 

m 


eo 
• 

CM 

t 

PP6 

« 

CM 

• 

1 


■ 

eo 

CO 

• 

in 

in 

PP5 

o 

n 

• 

■ 

O 

• 

o 
\o 

• 

• 

eo 

in 
■ 

cu 

o 

• 

1 

t 

■ 

o 
eo 

• 

• 

eo 

• 

PP3 

NO 
H 

■ 

1 


• 

CM 

• 

«o 

eo 

in 

rg 
At 
Ai 



1 



CO 

%o 


eo 
• 

eo 

tn 
• 

t-l 
At 
At 

O 
•H 


i 

m 


in 


f-C 

• 

eo 

in 
• 


j 9 

< 

< 

CO 

< 

m 

m 

iH 

O 

u 

MFR of resin 
mixture 
(g/10 min) 

Ethylene 
content of 
resin 

|(wt.%) 



Compo- 

Cf J»U1« 

<wt.%> 


22 


EP 1 291 380 A1 


Table 2 



Item 


Example 

5 



1 

2 

3 

4 

5 

6 

7 

8 

9 


Raw compound 

PP1 

PP2 

PP3 

PP4 

PP5 

PP6 

PP6 

PP7 

PPB 


Cast conditions 

10 

Chill roll temp. (»C) 

120 

120 

120 

120 

120 

120 

120 

120 

120 

Contact time with chill roll (sec) 

12 

12 

12 

12 

12 

12 

12 

12 

12 


Characteristics of unstretched web sheet . 


K value 

0.95 

0.94 

0.94 

0.96 

0.93 

0.95 

0.95 

0.93 

0.94 

15 

pi -crystal content (%) 

72 

70 

70 

71 

72 

71 

71 

70 

71 


P1 -crystal heat of fusion (J/g) 

56 

58 

56 

57 

57 

58 

58 

57 

56 


Stretching conditions 

20 

Machine 

Temp. (**C) 

80 

80 

75 

85 

80 

80 

80 

80 

80 

direction stretching 

Ratio 

4.0 

4.0 

4.0 

4.0 

4,0 

4.0 

4.0 

4.0 

4.0 


Transverse 

Temp. C'C) 

140 

140 

140 

145 

140 

140 

140 

140 

145 


direction 

Rate (%/sec) 

24 

24 

26 

16 

24 

24 

16 

24 

16 

25 

stretching 

Ratio (times) 

7.6 

7.5 

8.0 

5.0 

7.5 

7.5 

5.0 

7.5 

5.0 


Characteristics of stretched film 


Thickness (^m) 

19 

17 

14 

22 

17 

17 

26 

16 

21 

30 

Porosity (%) 

39 

37 

32 

44 

36 

36 

50 

34 

40 

Guriey air 

permeability (sec/1 00 cc) 

900 

900 

1300 

800 

1300 

1200 

800 

1500 

1000 


Water vapor penneability (g/m2.24h) 

4700 

4600 

4200 

4800 

4400 

4700 

4800 

3700 

4600 

35 

Tensile strength 
(I^Pa) 

Longitudinal 

70 

73 

72 

67 

70 

76 

73 

80 

67 


Transverse 

77 

76 

89 

65 

76 

87 

77 

96 

69 


Water pressure resistance (kPa) 

>200 

>200 

180 

190 

>200 

>200 

>200 

>200 

>200 


Table 3 
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50 


Item 

Example 

10 

11 

12 

13 

14 

15 

16 

17 

Raw compound 

PP9 

PP10 

PP11 

PP6 

PP6 

PP6 

PP6 

PP6 

Cast conditions 









Chill roll temperature (''C) 

120 

120 

120 

120 

120 

115 

125 

115/120 

Contact time with chill roll (sec) 

12 

12 

12 

21 

32 

16 

21 

6/15 

Characteristics of unstretched web sheet 

K value 

0.95 

0.94 

0.95 

0.95 

0.96 

0.95 

0.93 

0.96 

pi -crystal content (%) 

72 

69 

70 

76 

79 

67 

68 

82 

pi -crystal heat of fusion (J/g) 

58 

56 

66 

62 

65 

54 

54 

67 

Stretching conditions 
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Table 3 (continued) 


Item 

Example 

10 

11 

12 

13 

14 

15 

16 

17 

Raw compound 

PP9 

PP10 

PP11 

PP6 

PP6 

PP6 

PP6 

PP6 

Machine direction 
stretohing 

Temp. ("C) 

80 

80 

75 

80 

80 

80 

80 

75 

Ratio 

4.0 

4.0 

4.0 

4.0 

4.0 

4.5 

4.5 

4.0 

Transverse direction 
stretching 

Temp. CC) 

140 

140 

140 

140 

140 

140 

140 

140 

Rate (%/sec) 

16 

16 

24 

48 

71 

16 

16 

142 

Ratio (times) 

5.0 

5.0 

7.5 

7.5 

7.5 

5.0 

5.0 

7.5 

Characteristics of stretched film 

Thickness dim) 

17 

19 

15 

15 

16 

14 

15 

15 

Porosity (%) 

29 

39 

32 

34 

32 

32 

30 

35 

Gurley air pemneabiiity(sec/1 00 cc) 

2100 

1700 

2400 

1100 

1400 

2500 

3000 

1300 

Water vapor permeability (g/m^-24h) 

2800 

3100 

2600 

4900 

4500 

2800 

2200 

4800 

Tensile 

strength (MPa) 

Longitudinal 

65 

66 

62 

73 

74 

76 

76 

76 

Transverse 

69 

63 

63 

90 

92 

79 

78 

91 

Water pressure resistance (kPa) 

170 

190 

150 

>200 

>200 

>200 

>200 

>200 
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Table 4 


Item 


Comparative example 
|4 Is 


]6 [7 [T 


\9 


10 


Raw compound 


Cast oondltlons 


Chill roll temp. CC) 

120 

120 

120 

120 

120 

120 

120 

110 

132 

120 

Contact time with 
obill roll (seo) 

32 

32 

12 

12 

12 

12 

12 

32 

60 

8 

Charaoteristios of nnstretohed web sheet 

K value 

0.94 

0.96 

0.94 

0.95 

0.96 

0.96 

0.93 

0.96 

0.95 

0.93 

Pl- crystal content (%) 

79 

80 

70 

66 

71 

68 

71 

63 

59 

61 

Pl-orystal heat o£ 
£a8ion (J/g) 

64 

67 

56 

53 

57 

55 

56 

48 

45 

47 

Stretching conditiona 


Machine 


Temp. CO 

90 

90 

80 

80 

80 

80 

80 

80 

80 

80 

direction 
stretdhing 

Ratio 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 



Temp. CO 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

Tranaveree 
direction 

Rate 
(%/seo) 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

stretching 

Ratio 
(times) 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

Charaoteristios o£ stretched Cilm 


Thioknesa 

(pm) 

§ 


u 

» 

20 


0 

18 

17 

IB 

Porosity (%) 

s 

1 


S 

40 

s 

9 

36 

35 

35 

Gorley air pemeabdLlity 
(seo/lOO oo) 

o 


akag 

akag 

>20000 

akag 


8500 

18000 

9600 

Vater vapor pemeability 
(9/n'-24h) 

Stretching 

Stretohli 

9 

9 

900 

o 


1800 

1200 

1800 

Tensile 

Longitudinal 



90 



75 

76 

74 

strength 
(MPa) 

Transverse 




89 



77 

75 

79 

Water pressure 
reaistaAce (kPa) 





>200 



>200 

>200 

>200 
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EFFECTS OF THE INVENTION 


[0145] With the present invention, it is possible, In the manufacture of a porous film composed of a stretched P- 
^ crystal-based polypropylene, to maintain a good balance between the air permeability of the stretched film and its 
tendency toward breakage during stretching, which was a problem In the past. This makes it possible to industrially 
easily manufacture under practical conditions a porous polypropylene film with excellent breathabillty and continuous 
through-pores. 

[01 46] The thus obtained stretched film of the present invention has not only excellent breathabillty and water vapor 
50 permeability, but also excellent leakage prevention and mechanical strength, and is very useful as a material for use 
in various fields, such as moisture-pemneable waterproof garments, sanitary products, paper diapers and other such 
absorbent articles, hygienic merchandise, construction materials, various packaging materials, synthetic paper, filtra- 
tion membranes, separation membranes, battery separators, agricultural multi-sheets, and so forth. Among the above- 
mentioned products, absorbent articles using the porous film of the present invention as a backsheet have no problems 
S5 With regard to urinary incontinence or breakage of the backside material of the film when attaching or detaching a 
closure tape, and the artteles have excellent texture and can be comfortably worn without causing a stuffy feeling. 
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Claims 

1. A porous polypropylene film with excellent breathability and continuous through-pores and nnade of a propylene- 
based resin composition comprising 

5 

(I) (i) a propylene-ethylene copolymer having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, 
JIS K-6857) measured at 230^C of 2.0 to 4.0 g/1 0 min or 

(II) a polypropylene-based resin mixture containing a propylene-ethylene copolymer, the mixture having an 
ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230*'C of 2.0 to 4.0 

10 g/IOmlnand 

(II) a p^rystal nucleating agent; 

the film havin g a porosity of 20 to 80%, a Gurley air penneability of 5,000 sec/1 00 cc or lower as measured according 
to JIS P-81 1 7, a water vapor permeability of 2,000 g/m^-24h or higher as measured according to JIS Z-0208 and 
IS a water pressure resistance of 75 kPa or higher as measured according to JIS L-1092 except that an aqueous 

surfactant solution is used Instead of pure water. 

2. The porous polypropylene film according to Claim 1 , which has a film thickness of 5 to 50 ^m and a mechanical 
strength of 40 MPa or higher as measured according to JIS K-71 27. 

20 

3. The porous polypropylene film according to Claim 1 , which Is prepared by stretching an unstretched web sheet 
wherein the ^1 -crystal content, I.e.. the proportion of themialiy stable p crystals (p1 crystals) relative to the total 
amount of all crystals, is 65% or higher, and the p1 -crystal heat of fusion per unit weight of the unstretched web 
sheet Is 50 J/g or higher, as determined by differential scanning calorimetry (DSC). 

25 

4. The porous polypropylene film according to Claim 1 , wherein at least one component of the polypropylene-based 
resin mixture containing a propylene-ethylene copolymer is a polypropylene resin having a weight average mo- 
lecular weight (Mw) of 10^ to 10^ as detemnined by gel pemneation chromatography (GPC) and a melt flow rate 
(MFR, JIS K-6857) as measured at 230**C of 0.5 to 1 0.0 g/1 0 min. 

30 

5. The porous polypropylene film according to Claim 1 , wherein the polypropylene-based resin mixture containing a 
propylene-ethylene copolymer Is composed of a mixture of at least two members of polypropylene-based resins 
selected from the following resins (A), (B) and (C): 

35 (A) a polypropylene-based resin having an MFR of 0.1 to 2.0 g/10 min; 

(B) a polypropylene-based resin having an MFR of more than 2.0 g/1 0 min and less than 4.0 g/10 min; 

(C) a polypropylene-based resin having an MFR of 4.0 to 10.0 g/10 min; 

the mixture having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 
40 230^C of 2.0 to 4.0 g/1 0 min; and at least one component of the mixture being a propylene-ethylene copolymer. 

6. The porous polypropylene film according to Claim 5, wherein the polypropylene-based resin mixture comprises 
1 0 to 35 wt.% of resin (A), 0 to 50 wt.% of resin (B) and 25 to 80 wt.% of resin (C). 

45 7. The porous polypropylene film according to Claim 1 , wherein the ^-crystal nucleating agent Is an amide compound 
represented by f omriula (1 ) 

R^-NHCO-R^-CONH-R^ (1) 

SO 

wherein R^ is a C^,24 saturated or unsaturated aliphatic dicarboxylic acid residue, a C^2Q saturated or unsaturated 
alicycllc dicarboxylic acid residue, or a C6.28 aromatic dicarboxylic acid residue, R2 and RS are the same or different 
and each represents a C^^^ cycloalkyi group, or a group of fomnula (a), fonnula (b), fonnula (c) or fomnula (d) 
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(a) 



(b) 


— R' 



•6. 


o 


(c) 


(d) 


wherein is a hydrogen atom, a straight-chain or branched-chain alkyl group, a Cq^^q cycloalkyi group, or 
phenyl group, is a C^,^2 straight-chain or branched-chain alkyl group, and R^ and R^ are the same or different 
and each represents a C^^ straight-chain or branched-chain aikytene group. 

8. A process for producing the porous polypropylene film with excellent breathability and continuous through-pores 
according to Claim 1 , the process being characterized In that it comprises stretching an unstretched web sheet 
made of a polypropylene-based resin composition comprising 

(i) (i) a propylene-ethylene copolymer having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, 
JIS K-6857) measured at 2Z0'*C of 2.0 to 4.0 g/1 0 min or 

(ii) a polypropylene-based resin mixture containing a propylene-ethylene copolymer, the mixture having an 
ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS K-6857) measured at 230''C of 2.0 to 4.0 
g/10 min and 

(II) a 0-crystal nucleating agent; 

the unstretched web sheet having a thennally stable p-crystal (p1 -crystal) content of 65% or higher, and a pi -crystal 
heat of fusion per unit weight of the unstretched web sheet of 50 J/g or higher, as detenmined by differential scanning 
calorimetry (DSC). 

9. The process for producing the porous polypropylene film according to Claim 8, wherein the unstretched web sheet 
Is made of a polypropylene-based resin composition comprising (I) a poiypropylene-based resin mixture containing 
a propylene-ethylene copolymer and having an ethylene content of 3.0 to 7.0 wt.% and a melt flow rate (MFR, JIS 
K-6857) measured at 230''C of 2.0 to 4.0 g/1 0 min and (Ii) a ^-crystal nucleating agent; and at least one component 
of the polypropylene-based resin mixture Is a polyproplylene-based resin having a weight average molecular weight 
(Mw) of 10^ to 10^ as determined by gel pemneatlon chromatography (GPC) and a melt flow rate (MFR, JIS K- 
6857) measured at 230''C of 0.5 to 10.0 g/10 min. 

10. The process for producing the porous polypropylene film according to Claim 8, wherein the unstretched web sheet 
Is fomned by cooling and solidifying in the fomfi of a sheet, under the following crystallization conditions, a molten 
sheet of the polypropylene-based resin composition extruded from a T-die: 


110*C < crystallization temperature (Tcr, **C) ^ 130**C 
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Shortest crystallization holding time (tmin (sec)) ^ crystallization holding time (tor, sec) < 60 seconds wherein tmin 
(STO) is calculated by the following equations: 

5 In the case of Tcr < 120*C. Tmin(sec)=0.1 (120-Tcr)^ + 10 

In the case of Tcr ^ 120*'C, Tmin(sec)=0.3(120-Tcr)^ + 10. 

1 1 . The process for producing the porous polypropylene film according to Claim 1 0. wherein the crystallization holding 
10 time condition is satisfied by crystallizing the molten sheet of the potypropyiene-based resin composition extruded 

from a T-die, using a multistage chill roll having a plurality of chill-rolls or using one chill-roll in combination with a 
heat source other than a chill roll. 

12. The process for producing the porous polypropylene film according to Claim 8, characterized in that a stretching 
15 method is a successive biaxial stretching method. 

13. The process for producing the porous polypropylene film according to Claim 12, wherein the successive biaxial 
stretching method is carried out by conducting machine direction stretching at a ratio of 4 to 5 times at a stretching 
temperature of 70 to 90^C and then transverse direction stretching at a ratio of 5 to 1 0 times at a stretching tem- 

20 perature of 135 to 1 SS^'C and at a stretching rate of 1 0 to 300%/sec. 

1 4. A backsheet for absorbent articles, characterized in that it comprises the porous polypropylene film with excellent 
breathability and continuous through-pores according to any one of Claims 1 to 7. 

25 15. An absorbent article comprising a liquid-pemneable topside material, a liquid-impervious backside material and an 
absorbing material interposed between the topside material and the backside material, wherein the backsheet of 
the porous polypropylene film according to Claim 14 is employed as the backside material. 

16. The absorbent article according to Claim 15, which is a hygienic article such as a disposable diaper, pants-shaped 
30 diaper, sanitary napkin, incontinence pad and the like. 


35 


40 


45 


50 


55 


28 


EP 1 291 380 A1 



29 


EP 1 291 380 A1 


DTIERNATIONAL ^;ARCH REPORT 


PCT/JPOl/04669 


A. OSSIFICATION OF SUBJECT MATTER 

Int.Cl^ C08a9/0d, A61FI3/514 


AccQidisg to lDtexaa2umai Jatenl Qassificatioa (IPC) ot to both natioQai classification and IPC 


B. FIELDS SEARCHED 


Kfimmum d^MTnmtnNtiffli searched (clBSsificatio& system followed by classification symbols) 
Int.Cl^ C08iJ9/00, A61P13/S14 


DocwafattatKm sean^ied other tfaaa mtrn'miiTn dfxaifncntation to the extent that socb documents are incbded hi the fielda anarchftd 
Jitsuyo Shlnan Kobo 1926-1996 Jitsuyo Shi nan Torolcu Kbho 1996-2000 

Kbkai Jitsuyo Shinan Kdho 1971-2000 Tozoku Jitsuyo Shinan Kbbo 1994-2000 


Blectzonic data base ooasoltBd during tbe uttematuma] seaxcfa (name of database and, where pzseticable, seaidi 


used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Catcgwy* 


Citation c^docuxnent, with izidicatioQ, where appropxiate^ 


RetevBot to claim Mo. 


PA 


JP 2000-169608 A (New Japan Chemical Co., Ltd.), 
20 June, 2000 (20.06.00), 
ClaioBB (Paniily: none) 

EP 632095 A2 (Kew Japan Chemical Co., Iitd.), 

04 January, 1995 (04.01.95), 

Claims 

& JP 7-33895 A 
Claims 

JP 7-118429 A (Tanen Chemical Corporation) , 
09 May, 1995 (09.05,95), 
Claims ( Fami ly : none ) 

JP 62-195030 A (Toray Industries, Inc.), 
27 August. 1987 (27.08.87), 
Claims (Family: none) 


1-16 


1-16 


1-16 


1-16 


I I FuT&er documents are listed ia the continuation of Box C Q See patent ftmiiy annex. 


*A' ^^f"n^"! *frfiltT*lS J?JT"'*y f tMto nf the wrt uifweh fa nrtt 

oo ns id cT cd to be of p u ticuliri clt v ai i ce 
date 

1^ docufflBOS wbidi TBBy duoflr dpttbli oo pioiit|)f 6liin(t) oc wliiEb is 
otcd to esKahlish Ae puiMiottiop dale of eooihcr cttafion of other 
Bptfcial reasoa (as ipaciiied^ 

"O^ do ciirncflt icftuiDg to an owl dhdesmei uaa^ eahilritiim m ofliaf 


T UtcrdocamcQipnb&hcdaihsdieintBxnalionaliilh^ 

priorily date end not in caafUct with the application but dted to 
undentand flis principie or theory undet^fing fiie iznFentioD 

•X!* doeiBnBatofpartiailflrxelevanc^tliectaiiiiediaweota 


docmncDt pflfeHffhad fsvot to the tnihynwilioi lal filing ^^i^^ bin Ifltar 
lUBu me lanuny ciboubci 


*Y* document of paitlcnlarTclevanc^ fte ctelinaJ Invention '^f"***' be 
coDfidered to involve 00 hiventive step when the docnuKnt is 
oamhmed with gar, or more other sach docunvnrt^ TOcb 
combiaatioa being obvious to a posao skflkd in die art 

"AT iftwirnwrii t "t f n^yf * ftf <hc senw patent family 


Dfite of the ^cimi ciiinpliction of the inteiustuoal seatcfa 
'21 August, 2001 (21.08.01) 


Dato of oailiiig of the mtffifiMtiftnnl search report 

04 Septeihber, 2001 (04.09.01) 


Kame and "lailh^ address of the ISA/ 
Japemese Patent Of £ ice 

FacsifflileNa 


Authonzed ofificer 


TelephooeNo. 


FQnnFCT/ISAy210 (second sheet) (July 1992) 


30 


